Sheared and unsheared nodules of garnet-harzburgite from the K1 Venetia kimberlite pipe (South Africa) are composed primarily of olivine and orthopyroxene (partially replaced by serpentine, magnetite and chlorite) and abundant porphyroblasts of garnet with kelyphitic rims of orthopyroxene, clinopyroxene and spinel. When mylonitized, orthopyroxene defines a mineral elongation lineation while bent orthopyroxene and sigmoidal garnet with wings of orthopyroxene define consistent senses of motion within individual nodules. The kelyphite surrounding both undeformed and undeformed garnet grains is not deformed and appears to have resulted from the inversion of garnet and olivine to orthopyroxene, clinopyroxene and spinel, corresponding to the isograd separating garnet peridotite from spinel peridotite. Subsequent hydration around nodule rims and along fractures within nodules resulted in the formation of serpentine, magnetite and chlorite from olivine and orthopyroxene. This hydration is believed to have resulted from reaction with the entraining kimberlite magma. The preservation of mylonite rather than its annealing and recrystallisation to coarse-grained rocks at high temperature strain free mantle conditions requires quenching shortly after mylonite formation. This preservation taken with the presence of undeformed kelyphite around garnet grains implies that mylonitization and entrainment of garnet-harzburgite into kimberlite magma and kelyphite formation occurred during very rapid magma ascent.
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The distribution of deep mantle nodules within the kimberlite phases of the K1 pipe is heterogeneous. The collection at the Rand Afrikaans University (RAU), which was sampled primarily from seven level downwards, is dominated by garnet-harzburgite (>80% of ~ 300 nodules) with a few examples of harzburgite, pyroxenite, dunite and eclogite. The smaller collection studied by Stieffenhoffer et al. (1998; 1999) at the DeBeers Geoscience Centre (Johannesburg, South Africa) was collected from seven level upwards and is dominated by garnet-lherzolite with lesser amounts of garnet-harzburgite, garnet-spinel peridotite and spinel peridotite, the latter two types presumably from a lower P-T environment.
Garnet-Harzburgite Nodules
After examining thin sections of the entire RAU nodule collection, six nodules of garnet-harzburgite were selected for detailed petrographic study (Figure 4 ) on the basis of their distinct microstructural features and a low degree of hydration (Table 1) . Undeformed to moderately deformed garnet-harzburgite nodules are large ellipsoids or fragments thereof, ranging in size up to 40 x 30 x 20 cm (B-00-184, Figure 4D ). As the garnet-harzburgite becomes progressively sheared, its nodules become smaller and more flattened, e.g. sample B-00-136, 10 x 5 x 3 cm ( Figure 4F ). The long and short axes of the sheared nodules define the planes containing the mineral elongation lineations.
The nodules of undeformed garnet-harzburgite are coarse-grained, porphyroblastic rocks composed primarily of large (5 to 10 mm) fractured grains of olivine and 1 to 5 mm isometric grains of pyroxenes with 5 to 10 mm euhedral garnet porphyroblasts. The pyroxenes are mostly orthopyroxene although relatively rare grains of euhedral clinopyroxene occur 4 up to 0.3 cm in long axis. Most clinopyroxene is associated with kelyphitic rims around garnet (see below). Fracturing of olivine grains is accompanied by the development of serpentine in the cracks. Fracturing is not accompanied by the significant displacement of olivine segments. Garnet porphyroblasts are always surrounded by radial kelyphitic aggregates (Figure 5a ) composed of pyroxenes and spinel. Similar symplectites also fill cracks in the garnet.
The degree of replacement of garnet varies from 10 to 100% and does not depend on the location of the garnet porphyroblasts relatively to the xenolith margins.
In comparison to undeformed nodules of the same mineral composition, deformed garnet-harzburgite nodules are commonly characterized by smaller grain size and a distinct orientation of elongated orthopyroxene grains defining the shear fabric ( Figure 6 ). Reduction of grain size is very characteristic for intensely deformed mylonitized rocks, which also con- Darker rims, up to 5 cm wide, occur around the edges of the nodules whether deformed or not and reflect increased serpentine and chlorite and decreased olivine and orthopy-5 roxene content. They resulted from reaction with fluids presumably from the kimberlite magma during transport. These rims surround coarsely crystalline garnet with kelyphitic rims and orthopyroxene crystals without apparent reaction.
Reaction textures
Two types of reaction textures are distinguished in all samples studied: The internal structures of kelyphitic rims around garnet are characterized by relatively coarse-grained (5 to 30 µm) outer portions with orthopyroxene, clinopyroxene and spinel without preferred mineral orientation, surrounding cryptocrystalline (<3 µm) radial aggregates of the same minerals replacing garnet ( Figure 5 ). Formation of kelyphitic textures appears to be controlled by diffusion of the components on the garnet-olivine boundaries and related to the retrograde reaction garnet plus olivine goes to orthopyroxene, clinopyroxene and spinel, corresponding to the isograd between garnet peridotite and spinel peridotite assemblages. This reaction seems to be near isochemical in a local scale and not related to significant addition of the components from kimberlitic magma. However, in one instance, a Ba rich phase also occurs within the orthopyroxene-clinopyroxene-spinel kelyphite (Figure 5d ). Presently, the origin and significance of the Ba is not understood but Ba-bearing phase may be a distinct hint on metasomatism caused by kimberlitic magma.
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Hydration reaction textures are very common for all types of nodules. Although in the inner portions of nodules these reactions are mostly developed along the grain boundaries and cracks inside the minerals, the complete replacement of olivine to serpentine and magnetite and orthopyroxene to chlorite occurs in the altered outer (black) zones of the nodules. These reactions are likely to have resulted from the infiltration of a water bearing fluid during the transport of nodules within kimberlitic magma.
Composition of minerals
Microprobe analyses of coexisting minerals from studied samples were carried out using the CAMECA microprobe and the Scanning Electronic Microscope in the Faculty of Science at Rand Afrikaans University as well as the Electronic Microprobe of the Institute of Geology, Mineralogy and Geophysics at Ruhr-University of Bochum. Table 2 Table 2 ). However, the distribution of Ca, Mg and Fe between clinopyroxene and orthopyroxene is very uniform 7 for all grains studied and is less variable then those detected for matrix minerals (compare Figures 9a and c) .
Thermobarometry of the nodules

Methodology
Thermobarometry of mantle nodule is recognized as a complex problem (see review by Smith, 1999) that cannot be solved by simple routine methods applicable for example to lower grade metamorphic rocks (e.g. Frost and Chacko, 1989; Spear and Florence, 1992; Spear, 1993) . Several authors (e.g., Harley, 1984; Frost and Chacko, 1989; Spear and Florence, 1992; Spear, 1993) have also noted that geothermometers based on Fe-Mg exchange reactions are not likely to quench at the same P-T conditions as geobarometers that are based on net-transfer reactions. Therefore, in these cases, P-T estimates deduced from thermobarometry using mineral compositions affected by late Fe-Mg exchange may give misleading results (e.g., Frost and Chacko, 1989; Spear and Florence, 1992; Spear, 1993) . As found by Smith (1999) , the accuracy of thermobarometric calculations for garnet peridotite xenoliths is best established for the two pyroxene thermometer plus Al-in-orthopyroxene barometer of Brey and Kohler (1990) and for P-T conditions in the range 20 to 50 kbar and 800 to 1100 o C.
Therefore, in contrast to previous workers (Stiefenhofer et al., 1999) , we used the formulations of Brey and Kohler (1990) to make our basic thermobarometric estimates ( Figure 10 ).
However taking into account that the previously estimated ranges of pressure (up to ~70 kbar) and temperature (up to ~1400 o C) for mantle nodules from the Venetia kimberlitic pipes (Stiefenhofer et al., 1998) is partially outside of best established P-T region (Smith 1999), we also used alternative P-T estimates summarized in taken into account as a part of computing procedure.
Results
The results of thermobarometry for four deformed and undeformed nodules are shown in Figure Figure 11c ). This may be attributed to a partial decoupling of the compositions of coexisting pyroxenes possibly due to kinetic effects (e.g., distinctly higher diffusion rates for the Fe and Mg compared to Ca and Al) hampering re-equilibration of these minerals dur-9 ing the fast exhumation process. On the other hand, a significant 100 o to 150 o C temperature decrease with decreasing pressure is recorded for this same sample using Fe-Mg garnetorthopyroxene (Harley, 1984), garnet-clinopyroxene (Ellis and Green, 1978; Powell, 1985; Krogh, 1988; ) and garnet-olivine (O'Neil and Wood, 1978) Fe-Mg exchange thermometers (Table 3) , suggesting a common decompression/cooling evolution for this sample ( Figure   10c ). Peak pressures of 68 to 74 kbar, estimated for Venetia peridotite samples, are outside of 45 to 60 kbar pressure range ("diamond window", Sobolev et al., 2000) characteristic for garnet-orthopyroxene inclusions in diamond and peridotitic xenoliths containing diamond worldwide. However, taking into account relatively low (± 10 to 15 kbar) accuracy of pressure calculations related to low Al 2 O 3 content in analysed orthopyroxenes (Table 2) , this discrepancies might be related to the differences in the thermobarometers used.
Temperature estimates for the kelyphitic textures were also determined using the twopyroxene thermometer of Brey and Kohler (1990) . These estimates are consistent for different samples and vary between 1140 to 1260 o C at 15 kbar pressure. Lowest temperatures are recorded for the rims of coexisting minerals ( Table 3 ) that corresponds to the cooling of nodules during the formation of kelyphite at the pressures <17 kbar (see intersection of isolines for two-pyroxene temperature estimates with garnet decomposition curve in Figure 10 ). Further cooling is recorded by the formation of serpentine whose stability field does not exceed 750 o C in temperature (see Figure 10 ). For several samples, maximum temperatures recorded by kelyphite are consistent with minimum temperature recorded by matrix minerals ( Figure   10b and d), which may suggest a continuous thermal evolution of peridotites before and after entrapment by kimberlitic magma. Together with the absence of annealing of deformation textures, the consistency of temperature estimates may suggest entrapment of nodules during or short after the shearing at a temperature ~1250 o C. If this situation is not a coincidence, it may also suggest a link between deformation of mantle and the formation of the kimberlitic magma.
Conclusion
The P-T evolution inferred from the garnet-harzburgite nodules studied is presented in Figure 11 . Two interrelated stages of the evolution are suggested:
1) Pre-entrainment mylonitization followed by 2) Syn-entrainment decompression and subsequent cooling and hydration.
These two stages must have occurred rapidly and were very closely related in time because in the absence of stresses at the temperatures and pressures of mylonite and kelyphite formation, annealing to coarse-grained rocks would occur very rapidly if quenching did not take place (e.g. Passchier and Trouw, 1996; Smit and van Reenen, 1997) .
It is also seen in Figure 11 that our P-T estimates deviate from the average mantle geotherm suggested by Stiefenhofer et al. (1999) for the nodules of Venetia kimberlitic pipes.
Taking into account that we used thermometers and barometers that differ from those used by Stiefenhofer et al. (1998) , the systematic deviation in P-T estimates must be mainly related to the discrepancies of different thermobarometric formulations (see Table 3 ). On the other hand relatively high temperatures estimated in studied nodules may result from the thermal disturbance of the steady state geotherm (e.g., Franz et al., 1996a, b) by the increased heat flow in the mantle during the kimberlite magmatism. This also coincide with intense contemporaneous deformation of peridotites possibly related to the active mantle convection. and B-00-133 respectively; moderately deformed. Note the winged garnet in the upper left hand corner of E and the kelyphitic rim around it denoting that the rim formed after deformation. Note also the preferred orientation of the orthopyroxene crystals. (F) B-00-136 strongly deformed. Note the linear fabric defined by crystals of orthopyroxene and garnet and the rim around the nodule resulting from reaction with the kimberlitic magma. Olivine grain size has been strongly reduced so that individual grains are not obvious. Note also the smaller size of the strongly sheared nodule compared to the others studied except fragment A, presumably reflecting its inferior resistance to abrasion during transport. 
